n engl j med nejm.org T h e ne w e ngl a nd jou r na l o f m e dicine U p to 75% of breast cancers express the estrogen receptor or progesterone receptor (hormone-receptor [HR]-positive). 1, 2 Endocrine therapy is the standard of care for postmenopausal women with advanced breast cancer that is HR-positive and human epidermal growth factor receptor 2 (HER2)-negative, with aromatase inhibitors being the preferred first-line treatment option. 3, 4 However, in the majority of patients, resistance to currently available options eventually develops, which requires the administration of sequential therapy with alternative endocrine regimens. [4] [5] [6] [7] [8] Thus, the identification of effective treatment options that prolong or restore sensitivity to endocrine therapies is important.
Cyclin-dependent kinases 4 and 6 (CDK4/6) in conjunction with their protein regulator, cyclin D1 (encoded by CCND1), a direct transcriptional target of estrogen-receptor signaling, regulate cell-cycle progression. 9 CDK4/6 overexpression and CCND1 amplification are frequently encountered in HR-positive breast cancers 10 and are key mediators of endocrine resistance. 11 The inhibition of the pathway consisting of cyclin D, CDK4/6, inhibitor of CDK4 (INK4), and retinoblastoma protein is an effective therapeutic strategy for HR-positive advanced breast cancer, both as a firstline option 12, 13 and in patients in whom disease has progressed while they were receiving endocrine therapy. 14, 15 Ribociclib (LEE011) is an orally bioavailable, selective, small-molecule inhibitor of CDK4/6 that blocks the phosphorylation of retinoblastoma protein, thereby preventing cell-cycle progression and inducing G1 phase arrest. 16 Ribociclib has previously been shown to have antitumor activity in xenograft models of estrogen-receptor-positive breast cancer as a single agent and in combination with letrozole and phosphatidylinositol 3-kinase (PI3K) inhibitors. 17 In a phase 1b study involving postmenopausal women with estrogenreceptor-positive, HER2-negative advanced breast cancer, ribociclib had an acceptable safety profile and showed signs of clinical activity in combination with letrozole, particularly in patients who had received no previous systemic treatment for advanced disease, with an overall response rate of 46% and a clinical benefit rate of 79% among patients with measurable disease. 18 Here, we present the results of the preplanned interim analysis of the Mammary Oncology Assessment of LEE011's (Ribociclib's) Efficacy and Safety (MONALEESA-2) trial, which evaluated the efficacy and safety of the combination of ribociclib and letrozole as initial therapy in patients with HR-positive, HER2-negative advanced breast cancer.
Me thods

Study Design
In this randomized, double-blind, placebo-controlled, phase 3 trial conducted in 29 countries, patients at 223 trial centers were randomly assigned to receive either oral ribociclib (600 mg per day on a 3-weeks-on, 1-week-off schedule in 28-day treatment cycles) plus letrozole (2.5 mg per day on a continuous schedule) or placebo plus letrozole. We selected the ribociclib dose of 600 mg per day on the basis of the results of a phase 1 study involving patients with advanced cancer. 19 Ribociclib was administered with or without food. 20 Randomization was stratified according to the presence or absence of liver or lung metastases. Patients received treatment until disease progression, unacceptable toxicity, death, or discontinuation of ribociclib or letrozole for any other reason. Dose reductions for ribociclib (from 600 mg to 400 mg to 200 mg per day) were permitted to manage treatment-related adverse events; no dose reductions were allowed for letrozole. Patients who discontinued either ribociclib or placebo were permitted to continue receiving letrozole. No treatment crossover was allowed.
Patients
Postmenopausal women with locally confirmed, HR-positive, HER2-negative recurrent or metastatic breast cancer who had not received previous systemic therapy for advanced disease were eligible. Patients had either measurable disease (according to Response Evaluation Criteria in Solid Tumors [RECIST], version 1.1) 21 or at least one predominantly lytic bone lesion, along with an Eastern Cooperative Oncology Group performance status 22 of 0 or 1 (on a 5-point scale on which a higher score indicates greater disability) and adequate bone marrow and organ function.
Patients were excluded if they had received a previous CDK4/6 inhibitor or any previous systemic chemotherapy or endocrine therapy for advanced disease. Previous neoadjuvant or adjuvant therapy with a nonsteroidal aromatase inhibitor was not allowed, unless the disease-free interval n engl j med nejm.org was more than 12 months. Also excluded were patients with inflammatory breast cancer, central nervous system metastases, a history of cardiac disease or dysfunction (including a QT interval corrected for heart rate according to Fridericia's formula [QTcF] of >450 msec at screening), or impaired gastrointestinal function that altered drug absorption. The use of concomitant medications with a known risk of prolonging the QT interval or inducing torsades de pointes was not permitted.
End Points
The primary end point was locally assessed progression-free survival, according to RECIST, version 1.1. The key secondary end point was overall survival. Other secondary end points included the overall response rate (complete or partial response), the clinical benefit rate (overall response plus stable disease lasting 24 weeks or more), safety, and quality-of-life assessments. Exploratory end points included pharmacokinetics and biomarkers of response or resistance. The results of quality-of-life assessments and exploratory analyses are not reported here.
Assessments
Tumor assessments (computed tomography or magnetic resonance imaging) were performed at screening, every 8 weeks during the first 18 months, every 12 weeks thereafter until disease progression (including in patients who discontinued treatment for reasons other than progressive disease), and at the end of treatment. An independent review committee whose members were unaware of treatment assignments prospectively reviewed all imaging data.
Adverse events were characterized and graded throughout the study according to National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.03. 23 Biochemical and hematologic laboratory tests were performed at screening, on day 15 of cycle 1, and on day 1 of subsequent cycles until the end of treatment. Electrocardiographic assessments were performed at screening, on day 15 of cycle 1, and on day 1 of cycles 2 and 3 in all patients; after a protocol amendment, additional electrocardiographic assessments were performed on day 1 of cycles 4 through 9 in all patients and on day 1 of subsequent cycles in patients with a mean QTcF interval of 481 msec or more at any time before cycle 10. On-study electrocardiograms were reviewed by a central panel in a blinded fashion.
Representative tumor samples (obtained on fresh biopsy or from archival tissue) were obtained for biomarker analyses when available at screening, with an optional tumor sample collected at the time of disease progression. Blood samples were collected for analysis of estradiol levels and molecular alterations in circulating tumor DNA.
Study Oversight
The trial protocol and statistical analysis plan are available with the full text of this article at NEJM.org. Any modifications were approved by an independent ethics committee and institutional review board at each site. A steering committee oversaw the conduct of the trial in conformation with the approved protocol. Written informed consent was obtained from all the patients.
The trial was conducted in accordance with the Good Clinical Practice guidelines and the provisions of the Declaration of Helsinki. An independent data and safety monitoring committee reviewed the efficacy and safety data. Representatives of the trial sponsor, Novartis Pharmaceuticals, collected and analyzed the data. All the authors had full access to the data, were involved in the development and approval of the manuscript, and had final responsibility for the decision to submit the manuscript for publication. The manuscript was prepared by the authors with assistance from a medical writer funded by the sponsor. The authors assume responsibility for the accuracy and completeness of the data and vouch for the fidelity of the trial to the protocol.
Statistical Analysis
For the primary efficacy analysis, we compared progression-free survival in the two groups using a log-rank test stratified according to the presence or absence of liver or lung metastases. A determination that 302 patients had disease progression or died was required to detect a hazard ratio of 0.67 with a power of 93.5% at a one-sided alpha level of 0.025 with the use of a two-look Haybittle-Peto efficacy stopping boundary. 24, 25 A stratified Cox regression analysis was performed to estimate the hazard ratio and 95% confidence intervals of progression-free survival.
A prespecified interim analysis was planned after disease progression or death was reported in 211 of 302 patients (70%). The superiority of n engl j med nejm.org ribociclib plus letrozole versus placebo plus letrozole would be defined as a hazard ratio of 0.56 or less with P<1.29×10 −5 .
Efficacy analyses were performed in the intention-to-treat population. Safety analyses were performed in patients who received at least one dose of a study regimen and had at least one safety assessment after baseline.
R esult s
Patient Characteristics
From January 24, 2014, to March 24, 2015, a total of 668 patients underwent randomization, with 334 assigned to receive ribociclib plus letrozole and 334 assigned to receive placebo plus letrozole ( Fig. S1 in the Supplementary Appendix, available at NEJM.org). The characteristics of the patients at baseline were well balanced between the two groups ( Table 1 ). The median age was 62 years; all the patients had HR-positive disease, and all but 1 patient in each group had HER2negative disease. A total of 227 patients (34.0%) had newly diagnosed advanced or metastatic disease (34.1% in the ribociclib group and 33.8% in the placebo group). The disease-free interval at baseline was more than 24 months in 397 patients (59.4%). Visceral disease (including liver, lung, and other visceral metastases) was present in 393 patients (58.8%), and 147 (22.0%) had bone-only disease.
Treatment
At the cutoff date (January 29, 2016), treatment was still being administered in 195 patients in the ribociclib group and in 154 in the placebo group. The median duration of exposure to treatment (i.e., from the first dose to the last does of either ribociclib or placebo) was 13.0 months and 12.4 months, respectively. The most common reasons for discontinuation were progressive disease in 87 patients (26.0%) in the ribociclib group and in 146 (43.7%) in the placebo group; a decision by the patient or physician in 22 (6.6%) and in 26 (7.8%), respectively; and adverse events in 25 (7.5%) and 7 (2.1%), respectively. The median duration of follow-up from randomization to data cutoff was 15.3 months. The median relative dose intensity was 100% for letrozole in the two groups, 100% for placebo, and 87.5% for ribociclib. Interruptions in the dose of ribociclib occurred in 257 patients (76.9%), and letrozole was interrupted in 132 patients (39.5%) in the ribociclib group.
Among the 330 patients in the placebo safety population, placebo was interrupted in 134 (40.6%), and letrozole was interrupted in 107 (32.4%). Dose reductions occurred in 53.9% of the patients in the ribociclib group and in 7.0% of those in the placebo group, most commonly for adverse events (in 169 patients [50.6%] and 14 [4.2%], respectively). The most frequent adverse event leading to dose reduction was neutropenia (in 104 patients receiving ribociclib and in no patients receiving placebo).
Efficacy of Ribociclib plus Letrozole
The interim analysis was triggered after at least 211 patients had disease progression or died. Because of a delay in reporting from local trial centers, at the time of the data cutoff, 243 patients had disease progression or died and were included in the interim analysis. The trial met its primary end point: the median duration of progression-free survival was not reached in the ribociclib group (95% CI, 19.3 to not reached) versus 14.7 months (95% CI, 13.0 to 16.5) in the placebo group (hazard ratio, 0.56; 95% CI, 0.43 to 0.72; P = 3.29×10 −6 for superiority) (Fig. 1 ). The rate of locally assessed progression-free survival was significantly higher in the ribociclib group than in the placebo group. After 12 months, the progression-free survival rate was 72.8% (95% confidence interval [CI], 67.3 to 77.6) in the ribociclib group and 60.9% (95% CI, 55.1 to 66.2) in the placebo group; after 18 months, the progression-free survival rate was 63.0% (95% CI, 54.6 to 70.3) and 42.2% (95% CI, 34.8 to 49.5), respectively.
The blinded central analysis of progressionfree survival by an independent review committee supported the results of the primary efficacy analysis, with a hazard ratio of 0.59 (95% CI, 0.41 to 0.85; P = 0.002). The progression-free survival benefit in the ribociclib group (as assessed by investigators) was observed across all predefined subgroups (Fig. 2) . The overall response rates were 40.7% in the ribociclib group and 27.5% in the placebo group in the intention-totreat population and 52.7% and 37.1%, respectively, among patients with measurable disease (P<0.001 for both comparisons) ( Table 2) . The clinical benefit rates were 79.6% in the ribociclib group and 72.8% in the placebo group in the intention-to-treat population and 80.1% and 71.8%, respectively, among patients with measurable disease (P = 0.02 for both comparisons). Overall survival results were not mature at the time of the interim analysis, with 43 deaths (23 in the ribociclib group and 20 in the placebo group) at the time of data cutoff. The study remains blinded for follow-up of overall survival.
Safety
In the safety population (334 patients in the ribociclib group and 330 in the placebo group), adverse events of any grade that occurred in at least 35% of the patients in either group were neutropenia (74.3% in the ribociclib group and 5.2% in the placebo group), nausea (51.5% and 28.5%, respectively), infections (50.3% and 42.4%), fatigue (36.5% and 30.0%), and diarrhea (35.0% and 22.1%) ( Table 3) . Nausea, infections, fatigue, and diarrhea were mostly grade 1 or 2. The most common grade 3 or 4 adverse events (≥5% of the patients in either group) were neutropenia (59.3% in the ribociclib group and 0.9% in the placebo group), leukopenia (21.0% and 0.6%, respectively), hypertension (9.9% and 10.9%), increased alanine aminotransferase level (9.3% and 1.2%), lymphopenia (6.9% and 0.9%), and increased aspartate aminotransferase level (5.7% and 1.2%). Febrile neutropenia occurred in 5 patients (1.5%) in the ribociclib group and in none in the placebo group.
Four patients (1.2%) in the ribociclib group were confirmed as having met the biochemical definition of Hy's law (concomitant increases in aminotransferase and bilirubin levels in the absence of cholestasis). Three of the four cases in the ribociclib group were suspected by the investigator to be related to the study treatment. None of these cases resulted in death, and aminotransferase and bilirubin levels returned to normal in all four patients after the discontinuation of ribociclib. Infections were reported in 168 patients (50.3%) in the ribociclib group and in 140 (42.4%) in the placebo group; of these infections, the most common were urinary tract infections (10.8% and 8.2%, respectively) and upper respiratory tract infections (10.5% and 10.6%), predominantly of grade 1 or 2. The only grade 3 infections were reported in the ribociclib group, with grade 3 urinary tract infection in 2 patients (0.6%); there were no grade 4 infections in either group.
An increase of more than 60 msec from baseline in the QTcF interval occurred in 9 patients (2.7%) in the ribociclib group and in no patients in the placebo group. In the ribociclib group, 11 patients (3.3%) had at least one average QTcF interval of more than 480 msec after baseline, including 1 patient who presented with cardiac abnormalities at baseline and 6 who had an increase of more than 60 msec from baseline. Of these patients, most were able to continue treatment at the 600-mg dose of ribociclib without interruption. One patient (0.3%) in the placebo group had an average post-baseline QTcF interval of more than 480 msec.
Serious adverse events occurred in 71 patients (21.3%) in the ribociclib group and in 39 (11.8%) in the placebo group (Table S1 in the Supplementary Appendix). Of these events, 25 (7.5%) in the ribociclib group and 5 (1.5%) in the placebo group were deemed to be related to the study regimen. There were 4 deaths (3 [0.9%] in the ribociclib group and 1 (0.3%) in the placebo group) during treatment. One patient in each group died from the progression of underlying breast cancer. The remaining 2 deaths in the ribociclib group were due to sudden death and death from an unknown cause. The case of sudden death was considered to be related to ribociclib and occurred on day 11 in cycle 2 in association with grade 3 hypokalemia (treated with oral potassium supplements) and a grade 2 prolongation in the QTcF interval on day 1 of cycle 2; the patient After 18 months, the progression-free survival rate was 63.0% (95% CI, 54.6 to 70.3) in the ribociclib group and 42.2% (95% CI, 34.8 to 49.5) in the placebo group. The median duration of progression-free survival was not reached in the ribociclib group and was 14.7 months in the placebo group. Ribociclib in HR-Positive, Advanced Breast Cancer had taken a prohibited concomitant medication with a known risk for QT prolongation (methadone) during cycle 1. The patient who died from an unknown cause received ribociclib for 4 days before withdrawing consent and discontinuing the study treatment; her death was reported 19 days later and was not considered to be related to ribociclib by the investigator.
Probability of Progression-free Survival
Discussion
At the prospectively planned interim analysis, we found that postmenopausal women with HR-positive, HER2-negative advanced breast cancer who were receiving first-line treatment with ribociclib plus letrozole had a significantly longer duration of progression-free survival than did those receiving placebo plus letrozole, with a 44% lower relative risk of progression. The trial population included a high proportion of patients who had disease that was expected to be sensitive to endocrine therapy (i.e., those with newly diagnosed advanced breast cancer or with a disease-free interval of >24 months). However, the duration of progression-free survival was longer in all preplanned patient subgroups receiving ribociclib, including those with newly diagnosed or pretreated metastatic disease and those with or without The progression-free survival benefit in the ribociclib group (as assessed by investigators) was observed across all predefined subgroups (overall hazard ratio, 0.56; 95% CI, 0.43 to 0.72; P<3.29×10 −6 for superiority) (dashed line). Among the patients who had received previous endocrine therapy, those taking nonsteroidal aromatase inhibitors (NSAIs) or other therapies not listed here had not received tamoxifen. Previous endocrine therapy and chemotherapy include neoadjuvant and adjuvant treatment. The size of the data points is proportional to the number of patients included in the subgroup analysis. ECOG denotes Eastern Cooperative Oncology Group. T h e ne w e ngl a nd jou r na l o f m e dicine liver or lung metastases. Further analyses of these subgroups are ongoing. Ribociclib plus letrozole was also associated with significantly higher rates of overall response and clinical benefit than was placebo plus letrozole, a finding that was consistent with observations from an earlier phase 1 trial. 18 Most patients had an acceptable adverse-event profile with long-term administration of ribociclib plus letrozole, with 7.5% of patients requiring permanent discontinuation of both ribociclib and letrozole because of adverse events and similar percentages because of decisions made by either patients or physicians in the two groups. The ma- * In this category, the best overall response was evaluated only among patients who had no measurable disease at baseline, according to the Response Evaluation Criteria in Solid Tumors, version 1.1. One patient with measurable disease in the placebo group was misclassified as having a best overall response of neither complete response nor progressive disease. † Overall response included a complete or partial response (P<0.001 for the comparison with placebo). ‡ Clinical benefit in the overall population was defined as a complete or partial response, stable disease lasting 24 weeks or more, or neither a complete response nor progressive disease lasting 24 weeks or more (P = 0.02 for the comparison with placebo). § Clinical benefit among patients with measurable disease at baseline was defined as a complete or partial response or stable disease lasting 24 weeks or more (P = 0.02 for the comparison with placebo). jority of nonhematologic adverse events in the ribociclib group were of grade 1 or 2, and grade 3 or 4 events were reversible by dose interruptions and reductions, which allowed most patients to remain on treatment. Hematologic adverse events in the ribociclib group reflected on-target CDK4/6 inhibition, which resulted in reversible bone marrow stem-cell quiescence. 26 Neutropenia occurred mainly within the first 4 weeks of treatment and resulted in five cases (1.5%) of febrile neutropenia in the ribociclib group. Grade 3 or 4 elevations in alanine and aspartate aminotransferase levels were reported in 9.3% and 5.7%, respectively, of patients receiving ribociclib in this study and have also been observed with other CDK4/6 inhibitors in combination with aromatase inhibitors. [27] [28] [29] The majority of cases of liver-enzyme elevation were isolated and asymptomatic and were reversible with dose adjustment. Prolongation of the QTcF interval to more than 480 msec occurred in 3.3% of patients treated at the 600-mg dose of ribociclib, with changes mostly occurring within the first 4 weeks of treatment. Our protocol excluded patients who were deemed to be at high risk for prolongation of the QTc interval; during treatment, such prolongation was limited by proactive dose interruption or reduction, since this side effect is dose-dependent. In routine practice, * Listed are events that were reported in at least 15% of the patients in any group. One event of interest (hypertension) fell below the reporting threshold listed here. NA denotes not applicable, since grade 4 cough and grade 3 and 4 alopecia are not included in the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.03. † Four patients who were randomly assigned to the placebo group did not receive either placebo or letrozole. ‡ Neutropenia includes a decreased neutrophil count and granulocytopenia. § This category includes both anemia and a decreased hemoglobin level. careful monitoring should be implemented to limit the incidence of these events to the levels observed during this study.
In conclusion, this phase 3 trial showed significant prolongation of progression-free survival and higher rates of overall response with the addition of ribociclib to letrozole than with the addition of placebo to letrozole for first-line treatment in postmenopausal women with HR-positive, HER2-negative advanced breast cancer. The improvement in the duration of progression-free survival was associated with a higher rate of myelosuppression among patients in the ribociclib group.
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